Abstract. This paper presents a process for the direct yaw moment control of the 6WD skid-steering vehicle. The design of the control system includes the calculation for the direct yaw moment of the skid-steering vehicle based on the desired speed and desired radius and the tire longitudinal forces optimization distribution. The co-simulation result between TruckSim and MATLAB/Simulink shows that this control system can not only achieve the vehicle's moving target in 6% real-time error whether at high speed(20km/h) or low speed(50km/h) but also ensure the stability of the vehicle's movement because the tire longitudinal forces optimization distribution reduces the tire load rate by 10% effectively.
Introduction
With the development of wheeled robots and distributed drive electric vehicle related technologies, a new steering structure of vehicles, skid-steering distributed drive vehicles become an important form of future car development. Carnegie Mellon University successfully developed a multi-purpose skid-steering unmanned ground car "MULE" and "Crusher" [1] [2] . Eric Lucet [3] [4] designed a vehicle motion control system based on the sliding mode variable structure control algorithm for four-wheel and six-wheel skid-steering vehicles, which can control the vehicle speed and steering in real time. Jackson [5] establish a six-wheel drive force and the braking force distribution criteria based on the fuzzy control method to maintain the vehicle's desired yaw rate to try to improve the vehicle's traction performance. In the literature [6] [7] , the tire driving force distribution algorithm is designed with the minimum tire load rate as the optimization target. The tire and ground attachment is ensured to the maximum extent, and the utilization rate of the tire is improved. The domestic research on this aspect is still in its infancy.
Based on those, in this paper, the author puts forward a steady steering yaw moment control system based on the vehicle dynamic model. Using the theory of minimum tire load rate to design the tire longitudinal forces optimization distribution which ensure the stability of vehicle motion.
Vehicle Dynamic Model
As is shown in Figure 1 , the vehicle dynamic model is established in fixed frame , , , . The vehicle frame is considered as , , , .The vehicle pose vector in vehicle frame is defined as , , and in fixed frame is defined as , , . The linked matrix between , , and , , is:
1 Figure 1 . Vehicle dynamic model.
The equation of vehicle dynamic model in vehicle frame is as follows:
.
. (4) In equations(2)(3)(4), * * is the tire longitudinal force and * * is the tire lateral force(with f, m and r for front, middle and rear, and l and r for left and right), is the mass of the vehicle, is the vehicle inertia on z axis, is the vehicle track, , , is the front, middle and rear length.
Direct Yaw Moment Control System Design
Because the tire longitudinal force of 6WD skid-steering vehicle can be controlled independently, so the key of the vehicle motion control system is to calculate the yaw moment which is generated by the tire longitudinal force based on the desired speed and desired steering radius. After that, this paper came up with a tire longitudinal forces optimization distribution algorithm based on the calculated yaw moment. The structure diagram of this direct yaw moment control system is shown in Figure 2 . 
Calculation of the Target Yaw Moment
The yaw moment which caused by the tire longitudinal force is considered as . The expression of is as follow:
The lateral slip angle of each tires can be expressed in the following equation based on the kinematic relationship.
In equation (6), * * is the lateral slip angle of the tire (with f, m and r for front, middle and rear, and l and r for left and right).
We assume that the lateral slip stiffness of each tires are equal in the same axle. Based on the linear tire model, the tire lateral force can be obtained as follows: .
In equation (7), * * is the lateral slip stiffness of the tire (with f, m and r for front, middle and rear, and l and r for left and right).
According to the equations (3), (4), (5) and (7), the lateral dynamic model with yaw moment of the vehicle can be obtained by following equations:
(9) Set of equations (8) (9), we can obtain the relationship between the steady-state yaw rate and the yaw moment as follows:
The desired steady-state steering radius is designed as and we can obtain the relationship between the desired steady-state radius and the desired yaw moment as follows:
. 
The Algorithm of Tire Longitudinal Forces Optimization Distribution. According to the theory that the square of the tire load rate become minimized which put forward by the Japanese scholar Masato Abe and also using the advantage of 6WD skid-steering vehicle(The tire longitudinal force of each wheel is independently controlled) ,this paper design the objective function of tire longitudinal forces optimization distribution as follows:
In equation (14), is the road surface friction coefficient, * * is the tire vertical load (with f, m and r for front, middle and rear, and l and r for left and right).
Set of equations (13) (14), we can calculate each tire longitudinal force by the lagrange multiplier method.
(15)
Simulation Results
This paper establish the co-simulation TruckSim and MATLAB/Simulink to improve the performance of the whole control system. The vehicle parameters is given in Table 1 . Simulation conditions are set to 2 series. The vehicle is traveling on a well-attached road which coefficient of friction is 0.85 at the desired uniform speed of 20km/h and 50km/h. Figure 3 and Figure  4 show the position of the vehicle at the uniform speed of 20km/h and 50km/h. Figure 5 and Figure 6 show the steering radius of the vehicle at the speed of 20km/h and 50km/h. Figure 7 and Figure 8 show the evolution of real-time error of the vehicle speed at 20km/h and 50km/h. Figure 9 and Figure  10 show the result of tire longitudinal forces optimization distribution at the desired speed of 20km/h and 50km/h. From Figure 3 and Figure 4 ,compare to the reference path ,we can see that the vehicle can achieve the driving intention easily both in the low speed(20km/h) and high speed(50km/h). From Figure 5 to Figure 8 ,the maximum real-time error of steering radius at the speed of 20km/h and 50km/h when the vehicle achieve steady state steering are 4.12% and 5.56%. The maximum real-time error of the vehicle speed at the speed of 20km/h and 50km/h when the vehicle achieves steady state steering are 3.02% and 2.76%. From Figure 9 and Figure 10 , the tire load rate of optimization distribution is 9.05% and 10.75% lower than the average allocation algorithm at the speed of 20km/h and 50km/h which means that the optimization distribution improves the stability of the vehicle's movement.
Conclusion and Future Work
Skid-steering distributed drive vehicle is an important form of future special vehicle development. This paper puts forward a direct yaw moment control system of the 6WD skid-steering vehicle based on the tire longitudinal forces optimization distribution. From the result of co-simulation between TruckSim and MATLAB/Simulink, the real-time errors of the steering radius are limited in 6% both at the speed of 20km/h and 50km/h and the real-time errors of the vehicle speed are limited in 3% both at the speed of 20km/h and 50km/h. The optimization distribution algorithm reduces the tire load rate in 9.05% and 10.75% at the speed of 20km/h and 50km/h. So we can come to a conclusion that the direct yaw moment control system not only to make the vehicle achieve the driving intention but also improves the stability of the vehicle's movement. This paper only considers the problem of the vehicle motion control system in the process of steady state steering, and does not take into account the transient condition of the vehicle acceleration. The author will study the problem afterwards.
